Introduction
In recent years, continuous fibre reinforced thermoplastic matrix composites have been successfully employed in the aircraft, military and aerospace industries due to the excellent properties (Brandt et al. 1993 & Nunes et al 2005a . In these and many other commercial engineering applications, they can replace other materials, such as thermosetting matrix composites. However, the high cost of the impregnation of continuous fibre thermoplastic composites, arising from the melting of the polymer or the use of solvents, still restricts their use in commercial applications. Hence, cost reduction largely depends on developing more efficient methods for impregnating fibres with high-viscosity thermoplastics and for processing final composite parts. This chapter summarizes the development of new technologies to fabricate long and continuous fibre reinforced composite structures from thermoplastic matrix semi-products (towpregs and PCT -pre-consolidated tapes) for commercial and highly demanding markets. The production of continuous fibre reinforced thermoplastic matrix towpregs and PCT's was done using a recently developed coating line & Silva, R.F. et al. 2008 . Using this prototype equipment, it was possible to produce glass fibre polypropylene (PP) and polyvinylchloride (PVC) towpregs for commercial markets and towpregs from carbon fibres and Primospire ® , an amorphous highly aromatic material developed by Solvay Advanced Polymers, for application in advanced markets (Nunes et al. 2005 . To process these thermoplastic pre-pregs into composite structures, conventional thermosetting equipments were adapted to fabricate thermoplastic matrix composites. Filament winding, pultrusion and hot compression moulding were the studied technologies. The mechanical properties determined on the final composites were compared with the theoretical predictions and have shown to be acceptable for the targeted markets. As applications, filament wound pressure vessels prototypes for gas and incompressible fluids were produced from towpregs and submitted to internal pressure burst tests ). These prototypes have accomplished all requirements of the applicable European standards.
Experimental

Powder coating equipment
The prototype powder coating equipment used to produce glass and carbon fibre reinforced towpregs is schematically depicted in Figure 1 . It consists of six main parts: a wind-off system, a fibres spreader unit, a heating section, a coating section, a consolidation unit and a wind-up section. In order to produce the towpregs, the reinforcing fibres are wound-off from their tows and pulled through a pneumatic spreader. After, they are heated in a convection oven and so made to pass into a polymer powder vibrating bath to be coated. A gravity system keeps constant the amount of polymer powder. The oven of the consolidation unit allows softening the polymer powder, promoting its adhesion to the fibre surface. Finally, the thermoplastic matrix towpreg is cooled down and wound-up on the final spool. The photograph depicted in Figure 2 shows a general overview of the developed powder coating equipment.
Raw materials
2400 Tex type E glass fibre rovings, from Owens Corning, polypropylene, from ICO Polymers France (Icorene 9184B P), and polyvinyl chloride, supplied by CIRES (PVC -PREVINIL AG 736), powders were used to produce GF/PP and GF/PVC towpregs to be applied in common composite engineering parts. Table 3 . Cone calorimeter results (ASTM E 1354) Table 4 compares the obtained Primospire PR120 fire characteristics with those of other current polymers and composites. As can be seen, the study material seems to exhibit excellent fire characteristics. Table 4 . Fire properties of current polymers and composites Figure 5 shows the polymer mass fraction of the glass fibre reinforced polypropylene (GF/PP) towpregs by varying the coating line oven temperature at different fibre pullspeeds. The polymer fractions were determined by cutting and weighting 1 m length of the towpreg strips produced in the coating line.
MATERIAL
Optimising the processing conditions of the towpregs
As expected, the polymer mass fraction decreased with increasing fibre pull-speed, maxima polymer depositions being obtained for oven temperatures range between 400 ºC and 450 ºC. Figure 6 presents the same type of results for the glass fibre reinforced polyvinyl chloride (GF/PVC) towpregs produced in the coating line using oven temperatures in the range between 260 ºC and 315 ºC. In this case, it was observed that only in such small range gap of temperatures it was possible to produce enough good GF/PVC towpregs. A deep decrease in the amount of polymer was verified when lower oven temperatures were used and considerably polymer degradation (great changes in PVC colour) was observed at higher oven temperatures.
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As it may be seen, a good and almost constant level of PVC mass content was obtained by using fibre pull-speeds between 2.0 and 6.0 m/min. Figures 7 to 9 show the variation of the polymer mass fraction in the Primospire ® /Carbon towpregs with fibre pull speeds at three constant oven temperatures. It may be concluded that the polymer mass fraction decreases with the fibre pull speed at the lower oven temperature (600 ºC). At the higher oven temperatures, the amount of polymer in the towpregs seems to keep an approximately constant value of 40% at all fibre pull speeds. 
Characterization of towpregs by SEM
Several samples of the GF/PP towpregs were analysed under a Nova NanoSEM 200 scanning electron microscope to evaluate the polymer powder distribution and its adhesion to the fibres. Figure 10 shows a SEM micrograph of a towpreg sample produced in the dry coating line using an oven temperature around 400 ºC and a fibre pull-speed of 4 m/min. As it may be seen in Figure 10 , at these optimised coating line operating conditions a good polymer melting and adhesion to glass fibres seems to have been achieved. 
315
A Leica S360 scanning electron microscope was also used to observe the typical aspect of the GF/PVC towpregs. As it is shown in the SEM micrograph depicted in Figure 11 , a good adhesion was also obtained between PVC particles and glass filaments in the samples processed at the optimised oven temperatures from 260 ºC to 315 ºC.
Fig. 11. SEM micrograph of GF/PVC towpreg (magnification of 1000×)
The same Leica S360 scanning electron microscope equipment was used to evaluate the polymer powder distribution and its adhesion to the fibres in several Primospire®/carbon towpreg samples. Figure 12 shows two representative SEM micrographs of samples produced using an optimised 650ºC oven temperature in the dry coating equipment. As can be seen, in the case of this highly demanding market towpregs most of the polymer particles exhibit bigger sizes than the fibre diameter and, even after heating, polymer particles present an irregular shape. It is also possible to observe a enough good degree of adhesion between fibres and polymer powder. 2.5 Composite processing technologies 2.5.1 Compression moulding SATIM and MOORE hot plate presses with capacity of 400 kN were used to process the produced towpregs into composite plates by compression moulding using a technique described elsewhere (Klett et al. 1992) . First, the towpregs were wound over a plate with appropriate dimensions and the resultant pre-form then conveniently placed in the cavity of a heated mould. After that, the press is closed, to obtain the desired pressure during the consolidation time. Then, the mould is cooled down to room temperature and, finally, the laminate composite plates are removed. In the case of CF/Primospire towpregs, plain woven fabrics were also produced from towpreg tows using a manual weaving loom. This pre-preg material has shown to be easier to process by compression moulding than unidirectional pre-forms. Figure 13 depicts schematically the filament winding system developed to produce GF/PP pipes and plates from towpregs. This system was tested with a laboratory CNC 6 axes conventional PULTREX filament winding machine. The equipment consists on a pre-heating furnace, a hot-air heater and a pneumatic controlled consolidation roll. Before being wound onto the mandrel, the GF/PP towpregs are guided, at controlled and constant tension, through the pre-heating furnace at the desired temperature. Final consolidation is achieved in the mandrel, at a required pressure, using a consolidation head, assisted by a hot-air heater. A thermocouple allows the temperature to be adjusted during the consolidation. GF/PP pipes with dimensions of ∅ 80×2 (mm) were produced using the typical filament winding conditions presented in Table 6 . Table 6 . Typical filament winding parameters
Filament winding
Pre-heating furnace
In the case of GF/PVC ∅ 80×3 (mm) filament wound pipes were produced by using a conventional wet fibre impregnation route. A low viscosity vinyl chloride homopolymer past obtained from an emulsion polymerization was used. By using this PVC type, it was only necessary to incorporate a heating system in the conventional filament winding machine eye-feed mechanism to process good quality continuous fibre reinforced pipes.
Pultrusion
A pultrusion head was used mounted on a conventional 60 kN pultrusion line. This head allowed the adaptation of the line, designed for thermoset matrix composites, to the production of continuous profiles made from thermoplastic matrix towpregs. The concept for the pultrusion head, as shown in Figure 14 , includes three main parts: i) the pre-heating furnace; ii) the pressurization and consolidation die and, iii) the cooling die.
Fig. 14. Schematic diagram of the pultrusion line
The process involves three phases. First, the GF/PP towpregs are guided into the preheating furnace. Then, they pass through the first part of the pultrusion head where the consolidation occurs. The consolidated material then enters the cooling die where it cools down to a required temperature. Finally, after leaving the pultrusion head, the profile is cut to specified lengths. Table 7 reports the operating conditions typically used in tests with the pultrusion line.
Towpreg bobbins
Guiding system Table 7 . Typical pultrusion operating conditions GF/PP U-shape profiles with 24 × 4 mm 2 cross-section, 2 mm thick were fabricated, with well-defined forms and smooth surfaces.
Final composites mechanical properties
The fibre mass fraction, flexural and tensile properties of the continuous fibre reinforced composites fabricated by the different technologies were determined in accordance to ISO 1172, ISO 178 and EN 60, respectively. The split disk test method according to ASTM 2290 was employed to determine the circumferential strength and modulus on the filament winding pipes. Table 8 . Flexural properties of composites made from CF/Primospire® towpregs As can be seen, the composites manufactured from the woven fabrics presented mechanical properties in better agreement with the theoretical expected ones than those reinforced with unidirectional fibres. The major causes for the differences found in these mechanical tests between the experimental and theoretical flexural stiffness and strength values have been attributed to a low fibre/matrix adhesion and also to fibre misalignments observed in the composite plates. Figure 15 and 16 show the results from tensile and flexural tests, respectively, obtained from GF/PP towpregs produced in the coating line with different parameters and processed by compression moulding.
www.intechopen.com As can be seen from the previous figures, the experimental results for the Young modulus are in accordance with the theoretical expected ones. Also, as expected, the value of that mechanical property increases with the fibre mass fraction. The average (Av.) and standard deviation (SD) of all results from GF/PP towpregs consolidated by pultrusion or filament winding are summarised in Table 9 . As can be seen from Table 9 , experimental strength results lower than the theoretical ones were obtained. In any case, such strength results seem to be compatible with the major commercial applications expected for GF/PP composites. However, the experimentally obtained modulli results present good agreement with the theoretical ones. Table 9 . Mechanical properties of GF/PP composites Tables 10 summarizes the experimental mechanical properties obtained on GF/PVC compression moulded plates and compares them with the theoretical ones predicted by the Classical Lamination Theory (CLT), by using the rule of mixtures and the raw materials properties shown in Table 1 . As may be seen, the composite flexural strength value is considerably lower than the theoretically expected one. This could be attributed, at least partially, to fiber misalignments found in the composite plates and fiber/polymer adhesion losses. In spite of the lower than expected flexural modulus values obtained, they may be considered sufficiently high to allow composites being applied in almost all commercial engineering applications. Each GF/PVC pipe, produced by using the conventional wet fibre impregnation route previously described in the paragraph 2.5.2, was also tested in order to determine the circumferential tensile strength and fiber mass content accordingly to ASTM 2290 and EN 60, respectively. For evaluating the consolidation quality, specimens with dimensions of 10 × 7 × 4 mm 3 were also cut from the filament wound pipes and submitted to interlaminar shear tests using a testing device based on the one described elsewhere (Lauke et al. 1992 & Nunes et al. 2005b ).
Properties
Determined values GF/PVC plates
After mounting this device in an universal INSTRON 4505 testing machine, simple supported specimens were submitted to shear tests using a cross-head speed of 1 mm/min. Table 11 shows the experimental results obtained. Such results are also compared with the CLT theoretical predictions calculated in the above referred conditions. As may be seen, the strengths obtained in the GF/PVC filament wound pipes present a good approximation to the calculated theoretical values. 
Determined values GF/PVC pipes
Applications of thermoplastic matrix towpregs
Figures 17 to 22 show different applications successfully developed using the thermoplastic towpregs produced in this work. Figure 17 and 18 show a GF/PP pressure vessel with capacity of 0,06 m 3 for incompressible fluids able to withstand an internal burst pressure up to 40 bar and a GF/PVC pipe having an internal diameter of 80 mm, respectively. 20 show a U-shaped 24 × 4 × 2 (mm) GF/PP profile obtained by using the towpreg pultrusion and LFT compression moulded plates also processed from GF/PP towpregs. Such plates were stamped using cut towpregs mixed together at low shear stress to avoid fibre breakage. 
Conclusions
The new powder-coating equipment has shown to be suitable to produce towpregs adequate for common and advanced engineering markets. From the tests made, it was found that all of those different towpregs can be easily and continuously produced at industrial production speeds between 2 a 6 m/min. For common engineering markets glass fibre reinforced polypropylene and polyvinyl chloride matrix were studied. For these materials the optimised processing oven temperatures were in the ranges of 400ºC to 450ºC and 260ºC to 315ºC respectively. Carbon fibre reinforced Primospire® towpregs were also studied envisaging possible applications in advanced composite structural markets. In such case, the optimised processing oven window was found to be located a much higher temperature range from 640 ºC to 690 ºC. The mechanical properties of the composites processed from these towpregs by major different processing technologies were also found to be adequate either for structural as for common engineering applications. This work also demonstrated the large potential of polymer powder deposition techniques to fabricate continuous fibre thermoplastic matrix towpregs that can be easily processed into composites with adequate engineering properties. By using efficient processing technologies different composite parts were already manufactured with success.
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Technological advances in composite field are included in the equipment surrounding us daily; our lives are becoming safer, hand in hand with economical and ecological advantages. This book collects original studies concerning composite materials, their properties and testing from various points of view. Chapters are divided into groups according to their main aim. Material properties are described in innovative way either for standard components as glass, epoxy, carbon, etc. or biomaterials and natural sources materials as ramie, bone, wood, etc. Manufacturing processes are represented by moulding methods; lamination process includes monitoring during process. Innovative testing procedures are described in electrochemistry, pulse velocity, fracture toughness in macro-micro mechanical behaviour and more.
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